We have recently identified a pair of regulatory genes, fixL and fixJ, which control the expression of nif and fix genes in Rhizobium meliloti either in the endosymbiotic state or in pure culture under microaerobic conditions (4) . Genetic analysis showed that both fixL and fixJ are involved in the expression of nif genes because they are required for the expression of the positive activator nifA (4) . Similarly, nifA-independent fix genes such as fixN need fixL and fixJ in order to be expressed (4) . In this latter regulatory pathway, fixL and fixJ activate the expression of the positive regulatory gene fixK, which in turn is required for the expression of nifA-independent fix genes (J. Batut, M. L. Daveran-Mingot, M. David, J. Jacobs, and D. Kahn, manuscript submitted for publication).
FixL and FixJ proteins belong to a conserved family of two-component regulatory proteins (4) . A model has been proposed to account for the properties of these systems as well as for the amino acid sequence data of the constituent proteins (11) To study the expression of nifA and fixK in E. coli, we used the nifA-lacZ translational fusion plasmid pCHK57 (8) and afixK-LacZ translational fusion plasmid, pJJ5 (Batut et al., submitted), a derivative of pIJ1363 (12). Expression of fixJ in E. coli was obtained by cloning an AccI-BglII fragment of 1,524 base pairs from pDD5 (5) into the poly-linker of pUC19 downstream of the lac promoter (17) . This fragment, between coordinates 2066 and 3590 of the fixLJ map (4) , contains the entire fixJ coding sequence. The recombinant plasmid pCH2 was introduced by transformation in E. coli MC240(pCHK57) and TB1(pJJ5). ,-Galactosidase activity was measured as described before, after the cells were grown in M9 medium at 28°C (4). Table 1 shows the effect of pCH2 on the expression of pCHK57 and pJJ5.
Because nifA and fixK are expressed under microaerobic conditions in R. meliloti (4, 8 ; Batut et al., submitted), we looked at their expression in E. coli either immediately after growth in aerated liquid medium or after an additional period of 1 to 3 h, during which a mixture of 98% nitrogen-2% oxygen was bubbled into the culture (4) . The presence of pCH2 results in a 50-to 100-fold increase of nifA expression and a several-thousandfold increase in the expression of fixK. In both cases this stimulation was independent of the aeration status of the culture. When pJJ5 and pCH2 were present in strain TG1, which carries the lac repressor gene lacIq (7, 14) , the expression of the fusion was dependent on the addition of the inducer isopropyl-p-D-thiogalactopyranoside (data not shown). Since in pCH2 fixJ is located downstream of the lac promoter, this was an indication that the observed expression was due to FixJ.
To see whether in E. coli the FixJ protein was activating nifA at the same promoter as in R. meliloti, we used primer extension by reverse transcriptase to detect and characterize the nifA transcript produced under the control of pCH2 in E. coli MC240 carrying the nifA-lac fusion plasmid pCHK57.
RNA was extracted from 100-ml cultures by the method of Aiba et al. (1) . Primer extension with reverse transcriptase was performed as described by D6barbouilld and Raibaud (6) , by using a 20-mer oligonucleotide complementary to nucleotides 10 to 29 of the coding sequence of nifA (13) . A dideoxy-sequencing reaction was performed with the same oligonucleotide as a primer and DNA from a M13 phage carrying pCHK57 insert as a template. An RNA produced in MC240(pCHK57, pCH2) but not in MC240(pCHK57) allows an extension of the primer, resulting in a fragment which comigrates with a T-terminated sequencing reaction product (Fig. 1) . The complementary adenosine residue is located 53 nucleotides upstream of the ATG initiation codon of nifA. The nifA transcription start site thus determined is the same as that observed in R. meliloti either in the endosymbiotic state or in microaerobic conditions (3, 13) . Our data show that when cloned on a multicopy expression vector, fixJ is able to activate both nifA and fixK in E. coli. The fact that FixJ is able to activate R. meliloti nifA and fixK in the taxonomically distant species E. coli is a strong indication that FixJ directly interacts with upstream regulatory sequences of nifA and fixK. The primer extension experiment further suggests that in the case of nifA, FixJ interacts with the same upstream sequences as those recognized in R. meliloti during symbiosis. Alternatively explaining our results by a mechanism of indirect activation would require that FixJ be responsible for the production of an E. coli factor which, in turn, would be able to activate R. meliloti nifA and fixK.
At least two transcriptional activators which belong to a two-component system, dctD and ntrC, activate genes whose transcription needs an alternative sigma factor, NtrA (10). The upstream regions of these genes contain characteristic NtrA-consensus promoter sequences (10) 
